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Description 



On-Line Grinding Method for Work Roll 
Technical Field 

[0001] This invention relatestoan on-line grinding method for grinding 
a work roll during the operation of a rolling mill. 
Background Art 

[0002] An on-line roll grinding apparatus grinds a work roll (may 
hereinafter be referred to as a roll) during the operation of a rolling 
mill to eliminate irregularities on the surface of the work roll 
occurring upon rolling, thereby increasing the volume of production 

(roll units) achievable by rolling with a single roll. Such an on-line 
roll grinding apparatus has so far been used, for example, in a finishing 
mill in the continuous hot rolling process (HOT) 

[0003] That is, when the work roll of a plate rolling mill rolls a 
steel plate, only portions of the work roll in contact with the steel 
plate wear, and wear steps appear between the worn-out portions and 
non-rolling portions out of contact with the steel plate. If the roll 
with such wear steps is used to roll a steel plate having a width equal 
to or larger than the widths of the wears, the problem of deteriorating 
the accuracy of the plate thickness or the flatness has arisen. 
[0004] This has necessitated restrictions on a rolling schedule, such 
as the rolling of plates- in the order of decreasing width. However, 
the installation of an on-line roll grinding apparatus enables the 
wear steps, which increase with the progress of rolling, to be 
sequentially ground and removed. Thus, the above restrictions can 
be abolished to increase the roll units. 
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[0005] With the on-line roll grinding apparatus, in order to avoid 
damage to a rotating grinding wheel (may hereinafter be referred to 
as a grinding wheel) or failure of the grinding apparatus, wear steps 
of the non-rolling portions have to be ground and removed within a 
limited period of time which is other than the instant of biting, into 
the rolling mill, of a material to be rolled, and the instant of release 
of the rolled material from the rolling mill. 

[0006] In order to grind and remove the wear steps efficiently, 
therefore, it is necessary to use a grinding wheel having a high grinding 
ability, and ensure as long an actual grinding time as possible. 
[0007] In order that the grinding wheel is not damaged upon contact 
of the roll and the grinding wheel due to vibrations caused by impact 
at the time of biting, into the rolling mill, of the material to be 
rolled and release of the material from the rolling mill, the grinding 
wheel, when not in a grinding operation, is on standby 10 mm to 20 
mm away from the roll surface. 

[0008] If the timing is right for start of grinding, the grinding wheel 
begins to move forward, and touches the roll. Then, when a grinding 
pressing load which has been set beforehand is reached, grinding is 
started. To ensure a long actual grinding time, a grinding preparation 
time from the start of forward movement of the grinding wheel until 
the above set grinding pressing load is reached needs to be shortened. 
That is, the velocity of the forward movement (i.e., forward velocity) 
of the grinding wheel needs to be rendered high. 

[0009] The grinding ability of the grinding wheel varies with its 
pressing load on the roll . During grinding , therefore, it is necessary 
to detect the pressing load by a built-in load cell, and control the 
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pressing amount of the grinding wheel, thereby controlling the pressing 
load. The structure of the grinding apparatus, and the basic method 
of its control are disclosed, for example, in Patent Document 1. 
[0010] This method, basically, comprises grinding under a certain 
pressing load to a certain depth in order to maintain the profile of 
the roll. If the profile is to be changed intentionally, the pressing 
load is varied according to the site of the roll to control the grinding 
depth. 

[0011] However, this conventional method has posed the problem that 
if the grinding wheel is moved forward at a high velocity at the start 
of grinding, the pressing load increases rapidly to greatly exceed 
the set value of the grinding pressing load, thereby causing excessive 
grinding or, in some cases, damaging the grinding wheel. 
[0012] Particularly, in the conventional on-line grinding in the 
rolling mill for the continuous hot rolling process, grinding was 
performed during biting of the material to be rolled, which lasted 
for a relatively long time of 60 seconds to 120 seconds. Because of 
this ample grinding time, the necessity for shortening the grinding 
preparation time was minimal . Thus, priority was placed on preventing 
excessive grinding or damage to the grinding wheel, and the adopted 
method was to move the grinding wheel forward from the standby position 
at a low velocity and bring the grinding wheel into touch with the 
roll . 

[0013] In rolling a thick plate with a plate thickness of 6 mm or more, 
however, intermittent rolling by one or two rolling mills is performed. 
Thus, the rolling time, during which the material to be rolled is bitten 
and rolled, is of the order of 10 seconds at the longest. With this 
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period of time, roll grinding cannot be completed at a stroke. The 
timing with which grinding can take place is at the time of a turn 
when the direction of rolling of the steel plate is changed, or at 
idle. 

[0014] The state "at idle" refers to a state in which after rolling 
of a preceding material to be rolled has been completed, the roll is 
idling while waiting for biting of a succeeding material to be rolled, 
the state lasting for a short time of about 20 seconds. 
[0015] Under these circumstances, it was necessary to actualize an 
on-line roll grinding method for ensuring as long a roll grinding time 
as possible, and decreasing an overshoot, by which the pressing load 
of the grinding wheel on the work roll exceeds the set grinding pressing 
load, thereby preventing excessive grinding or damage to the grinding 
wheel . 

[0016] Patent Document 1: Japanese Patent Application Laid-Open No. 
1996-30941.1 

Disclosure of the Invention 

Problems to be solved by the invention 
[0017] Therefore, it is an object of the present invention to provide 
an on-line roll grinding method for a work roll, which minimizes the 
aforementioned grinding preparation time for the rotating grinding 
wheel and can decrease an overshoot, by which the pressing load of 
the grinding wheel on the work roll exceeds the set grinding pressing 
load . 

Means for Solving the Problems 
[0018] The present invention has been accomplished in an attempt to 
attain the above object. Its means reside in the following: 
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(1) An on-line grinding method for a work roll, adapted to 
press a rotating grinding wheel having elasticity against a work roll 
of a rolling mill to grind the work roll, characterized in that when 
the pressing load of the rotating grinding wheel reaches a set load 
F, which has been set beforehand, after the rotating grinding wheel 
contacts the work roll, 

the forward velocity of the rotating grinding wheel is reduced 
to decrease an overshoot by which the pressing load F of the rotating 
grinding wheel on the work roll exceeds a set grinding pressing load 
Fo - 

[0019] (2) The on-line grinding method for a work roll according to 
the means (1), characterized in that the load F which has been set 
beforehand has a value in a range satisfying the following equation 

(A) : 

F<F 0 -KxVlxAt ... (A) 
where 

F: set load [N] , 

F 0 : set grinding pressing load [N], 

K: grinding wheel spring rigidity [N/mm] , 

■ 

VI: forward velocity [mm/s] of grinding wheel before velocity 
reduction, and 

At: control delay time [s]. 
[0020] (3) The on-line grinding method for a work roll according to 
the means (1) or (2), characterized in that the forward velocity V2 
of the rotating grinding wheel after velocity reduction satisfies the 
following equation (B) : 

0 . 6x (SxF 0 / ( Kx At ) ) <V2<SxF 0 / (KxAt ) ... (B) 
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where 

V2 : forward velocity [mm/s] of rotating grinding wheel after 
velocity re duct ion , 

S: ratio of allowable overshoot amount to set grinding pressing 
load F 0 , 

K: grinding wheel spring rigidity [N/mm] , and 

At: control delay time [s]. 

Effects of the Invention 
[0021] According to the present invention, at a stage where the rotating 
grinding wheel having elasticity contacts the work roll, and reaches 
the set load F which has been set beforehand, the forward velocity 
of the rotating grinding wheel is reduced to decrease the amount^of 
overshoot, by which the pressing load of the rotating grinding wheel 
on the work roll exceeds the set grinding pressing load, thereby enabling 
the overshoot to be confined within the allowable value. Thus, 
industrially useful remarkable effects are obtained, such that the 
excessive grinding of the work roll and damage to the rotating grinding 
wheel can be prevented. 

Brief Description of the Drawings 
[0022] [Fig. 1] is a view illustrating an embodiment of the on-line 
roll grinding method according to the present invention, as a sectional 
view of a rolling mill viewed from its side surface. 

[Fig. 2] is a view illustrating an overshoot in a conventional 
on-line roll grinding method. 

[Fig. 3] is a view illustrating changes in the pressing load 
of a rotating grinding wheel in the conventional on-line roll grinding 
method when the forward velocity of the rotating grinding wheel is 
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low . 

[Fig. 4] is a view illustrating changes in a pressing rate and 
a pressing load in the on-line roll grinding method of the present 
invention . 

Description of the Numerals 
[0023] 1 Work roll 

2 Backup roll 

3 Roll grinding apparatus 

Best Mode for Carrying Out the Invention 
[0024] The best mode for carrying out the present invention will be 
described in detail using Figs. 1 to 4. 

In the present embodiment, a steel plate, as a representative 
example of a material to be rolled, will be described. 
[0025] Fig. 1 is a view illustrating an embodiment of the on-line 
grinding method according to the present invention. 

In Fig. 1, 1 denotes a work roll, 2 denotes a backup roll, and 
3 denotes a roll grinding apparatus. 

In the present embodiment, a pair of (i.e., right and left) 
roll grinding apparatuses 3 are provided for each of upper and lower 
work rolls 1; namely, total four of the roll grinding apparatuses 3 
are provided. As shown in Fig. 1, the roll grinding apparatus 3 is 
moved in the axial direction of the roll, with a rotating grinding 
wheel 3a being pressed against the surface of the work roll 1, whereby 
the surface of the work roll 1 can be ground. 

As shown in Fig. 1, if the rotating grinding wheel 3a is pressed 
against the roll to cause a grinding wheel deflection amount change 
of Ah, the pressing load of the grinding wheel is changed by AF. 
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[0026] Fig. 2 is a view illustrating changes in the pressing load of 
the rotating grinding wheel in the conventional on-line roll grinding 
method when the forward velocity of the rotating grinding wheel is 
high . If the rotating grinding wheel is moved forward at a high velocity 
even after contact of the rotating grinding wheel with the work roll, 
the aforementioned grinding preparation time becomes short . However, 
the pressing load sharply increases and, because of a delay in the 
feedback control of the pressing load, the pressing load exceeds F 0/ 
which is a set grinding pressing load, to generate an overshoot beyond 
an allowable value. This presents the cause of excessive grinding 
or damage to the rotating grinding wheel. 

[0027] Fig. 3 is a view illustrating changes in the pressing load of 
the rotating grinding wheel when the forward velocity of the rotating 
grinding wheel is low . I f the forward velocity of the rotating grinding 
wheel is set to be low, an overshoot beyond the allowable value, as 
mentioned above , does not occur . However, a long grinding preparation 
time is taken until the set grinding pressing load F 0 is reached. Thus, 
a long grinding time is required for performing predetermined grinding. 
[0028] Under these circumstances, the inventors have conducted studies 
on a method by which the set grinding pressing load F 0 is reached in 
a short time, with an overshoot beyond the allowable value being avoided, 
even if there is a delay in the feedback control of the pressing load. 
[0029] Let the grinding wheel spring rigidity of the rotating grinding 
wheel be K [N/mm] , and the pressing amount (deflection amount) change 

of the grinding wheel be Ah [mm] . Then, the pressing load change AF 
[N] shown in Fig. 1 will be 

AF = K x Ah . . . ( 1 ) 
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Let the forward velocity of the rotating grinding wheel during 
its forward movement from its standby position for its touch with the 
work roll be VI [mm/s] . Then, assuming that the elapsed time since 
the rotating grinding wheel touched the work roll is At [s] , the pressing 
amount change Ah [mm] of the rotating grinding wheel is expressed as 

Ah = VI x At . . . (2 ) 
Thus, the change in the pressing load after the touch with the work 
roll will be 

AF = K x VI x At . . . (3) 
[0030] Thus, the higher the rigidity of the rotating grinding wheel, 
or the higher the forward velocity, the shorter time is taken for an 
increase in the pressing load. Moreover, the higher the forward 
velocity, the greater overshoot occurs because of a longer delay in 
control . 

[0031] As will be seen from the equation (3) , a sharp increase in the 
pressing load can be curbed by rendering the rigidity of the rotating 
grinding wheel low. However, in order that the rotating grinding wheel 
is not plastically deformed under the pressing load imposed by grinding, 
the rigidity of the rotating grinding wheel is limited by the pressing 
load necessary for the grinding ability. 

[0032] Delay in control i s caused by the sampling time for load detection, 
the control characteristics of the motor, and so on. Thus, in order 
to avoid an excessive load even upon high velocity forward movement 
of the rotating grinding wheel, there is need to reduce the forward 
velocity before the pressing load after touch withthework roll reaches 
the set grinding pressing load F 0 , for the purpose of compensating 
from the delay in control. If the delay time A in control is known, 
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an overshoot beyond the allowable value is prevented in consideration 
of this delay time. For this purpose, a set load F at a point in time, 
at which the forward velocity of the rotating grinding wheel is changed, 
may take on a value as shown in the equation (4): 

F < F 0 - K x VI x At . . . (4 ) 
[0033] However, the grinding wheel spring rigidity K of the rotating 
grinding wheel is generally 1, 000 N/mm to 3, 000 N/mm. Thus, when the 
rotating grinding wheel is pressed against the work roll at a forward 
velocity of 5 mm/s, a load change of 50 N to 150 N occurs at each sampling, 
provided that the sampling time for load detection is 10 msec. This 
load change is relatively large, if it is considered that the set grinding 
pressing load F 0 of the grinding wheel is generally 500 N to 2,000 
N . In order to prevent an overshoot beyond the allowable value reliably, 
therefore, it is preferred to set load such that the forward velocity 
of the rotating grinding wheel is reduced before the set load F shown 
by the above equation (4) is exceeded. 

[0034] The rotating grinding wheel after velocity reduction moves 
forward at that velocity V2 after velocity reduction, and stops upon 
detection of the set grinding pressing load F 0 . On this occasion, 
the aforementioned delay in control occurs, and an overshoot beyond 
the allowable value is likely to occur. Thus, it is preferred to use 
a forward velocity which is within a range calculated from the following 
equation (5) in consideration of the control delay time At and the 
ratio S of the allowable overshoot amount to the set grinding pressing 
load F 0 , and which is close to the upper limit: 
0 . 6x (SxF 0 / (KxAt ) ) <V2<SxF 0 / ( KxAt ) ... (5) 

The reason why the lower limit of the forward velocity V2 of 
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the rotating grinding wheel after velocity reduction is set at 
0 . 6x (SxF 0 / (KxAt ) ) is that if V2 is less than this lower limit, an 
unnecessarily long time is taken until the set grinding pressing load 
F 0 is reached. 

[0035] As shown in Fig. 4, until the rotating grinding wheel contacts 
the work roll, the forward velocity of the rotating grinding wheel 
is set at 5 mm/s. After the rotating grinding wheel contacts the work 
roll and, for example, at a stage where the pressing load reaches 1,000 

(N) , the forward velocity of the rotating grinding wheel is reduced 
from 5 mm/s to 1 mm/s. By so doing, an overshoot by which the pressing 
load of the rotating grinding wheel on the work roll exceeds the set 
grinding pressing load F 0 (1, 500 N) can be decreased to confine the 
amount of overshoot within the allowable overshoot range, and the time 
taken until the set grinding pressing load F 0 is reached (i.e., grinding 
preparation time) can be shortened. 

Examples 

[0036] Working examples of the on-line grinding method for a work roll 
according to the present invention will be shown in Table 1. 



[Table 1] 



Classification 


Grinding 
wheel 
rigidity 
K [N/mm] 


Set 

grinding 
pressing 
load 


Pressing load at 
start of velocity 
reduction 

F [N/mm] 


Forward 
velocity 
before 
velocity 


Forward velocity after 
velocity reduction 
V2 [m/s] 








F 0 [N/mm] 


Calculated 
va lue 


Set 
value 


reduction 
VI [m/s] 


Calculated 
value 


Measured 
value 


Examples of 


1 


1000 


1500 


1000 


1000 


5 


0.9-1.5 


1 


present 
invention 


2 


2000 


1500 


500 


400 


5 


0.42-0.7 


0 . 5 


3 


1000 


1500 


500 


300 


10 


0.9-1.5 


1 


Comparative 


1 


1000 


1500 


1000 


1100 


5 


0.9-1.5 


1 


Examples 


2 


1000 


1500 


1000 


500 


5 


0.9-1.5 


1 . 6 


Conventional 


1 


1000 


1500 


1000 




5 


0.9-1.5 


5 


Examples 


2 


1000 


1500 


1000 




1 


0 . 9-1 . 5 


1 
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[Table 1 (Cont ' d) ] 



Classi ficati on 


Grinding 

preparation 

time 

(s) 


Overshoot [N] 


Grinding depth (urn) 


Grinding 

wheel 

damage 


Al 1 owable 
value 


Ratio 


Measured 
value 


Desired 
value 


Measured 
value 


Examples of 

present 

invention 


1 


3 


150 


0.1 


30 


3 


3 


No 


2 


3 


150 


0 . 1 


0 


3 


3 


No 


3 


1 . 5 


150 


0.1 


0 


3 


3 


No 


Comparative 
Example s 


1 


3 


150 


0.1 


120 


3 


3 


No 


2 


3 


150 


0.1 


80 


3 


3 


No 


Conventional 
Examples 


1 


3 


150 


0.1 


500 


3 


4 


Yes 


2 


15 


150 


0.1 


50 


3 


3 


No ( 



[0037] In Examples 1 to 3 of the present invention, the set load F, 
under which reduction of the forward velocity of the rotating grinding 
wheel started, satisfied the calculation equation (A) of claim 2, and 
the forward velocity after velocity reduction also satisfied the 
calculation equation (B) of claim 3. Thus, grinding was able to be 
started, with the grinding preparation time being short, little 
overshoot being present, and no damage to the rotating grinding wheel 
being caused. 

[0038] Comparative Example 1 is a comparative example with respect 
to claim 2 of the present invention, and is an example in which the 
set load F, under which reduction of the forward velocity of the rotating 
grinding wheel started, did not satisfy the calculation equation (A) 
of claim 2 (the set load took on a value higher than the calculated 
value) . In Comparative Example 1, the amount of overshoot was large, 
although it was within the allowable value. 

Comparative Example 2 is a comparative example with respect 
to claim 3 of the present invention, and is an example in which the 
forward velocity V2 of the rotating grinding wheel after velocity 
reduction did not satisfy the calculation equation (B) of claim 3 (this 
velocity took on a value slightly higher than the calculated value) . 
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In Comparative Example 2, the amount of overshoot was large, although 
it was within the allowable value. 

[0039] Conventional Example 1 is an example in which the forward 
velocity of the rotating grinding wheel was not reduced, but remained 
at 5 mm/s . In this example, the roll touch portion, where the overshoot 
amount can be kept within the allowable value, imposed excessive load, 
with the result that grinding took place to a depth larger than targeted. 
Moreover, the grinding wheel was deformed so greatly that cracks 
occurred . 

Conventional Example 2 is an example in which the forward 
velocity of the rotating grinding wheel was kept at a low value of 
1 mm/s from the beginning. No overshoot was caused, but the grinding 
preparation time was long. 

Industrial Appl icabil ity 
[0040] The on-line grinding method for a work roll according to the 
present invention is preferred for use in the finishing mill of 
continuous hot rolling equipment. 
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